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How is this guide unique?
Portland cement is the fundamental ingredient in con-
crete. When you think of cement, it may be automatic 
to think of concrete; when you think of cement and 
pavements, you probably think of cement in conven-
tional concrete used for pavement surface layers. But 
did you know that cement can be used in other pave-
ment layers and for other applications? In fact, cement 
can be used in many other applications for pavement 
systems.
Pavement systems containing cement-bound layers 
have been used worldwide for over a century, with 
great success. Portland cement can be used in virtually 
every layer in a pavement system. Typical applica-
tions include improving the quality of subgrade soils 
and stabilizing base materials. Integrating multiple 
cement-based layers into a pavement design may pro-
vide a cost-effective method for achieving a stronger, 
more durable, sustainable pavement. For instance, 
using a cement-modified soil and cement-treated 
base as opposed to an unbound granular base placed 
on an unprepared subgrade can reduce the required 
thickness of the base material. In addition, a cement-
treated base may decrease the thickness needed for the 
concrete or asphalt surface, resulting in less materials 
and overall reduced cost. 
In addition to being the key constituent of new con-
crete pavement and concrete overlay surfaces, other 
unique surface applications of cement include roller-
compacted concrete (RCC), precast pavements, and 
pervious concrete pavements. Cement is also used 
in numerous pavement repair techniques, as well 
as an array of pavement recycling and reclamation 
applications.
A great deal of research and effort by many sources 
has gone into developing literature about the indi-
vidual pavement applications using cement. With so 
many applications, engineers and other practitioners 
could benefit from one publication that integrates and 
summarizes all cement-based pavement applications 
and helps them select and apply appropriate solutions 
for specific needs. This publication fills that need.
The Guide to Cement-Based Integrated Pavement Solutions 
provides a clear, concise, and cohesive discussion of 10 
cement-bound material options for specific engineering 
pavement applications, or solutions: new concrete pave-
ments, concrete overlays, pervious concrete, precast 
pavements, roller-compacted concrete, cement-treated 
base, full-depth reclamation with cement, cement- 
modified soils, recycled concrete aggregates, and repair 
and restoration. Each application is presented as a 
method for meeting specific design and construction 
objectives that today’s pavement practitioners must 
accomplish. The benefits, considerations, brief descrip-
tion, and summary of materials, design, and construc-
tion requirements, as well as a list of sustainable attri-
butes, are provided for every solution. 
This guide is intended to be short, simple, and easy to 
understand. It was designed so that the most up-to-date 
and relevant information is easily extractable. It is not 
intended to be used as a design guide for any of the 
applications identified herein. Recommendations for 
additional information that can provide such details are 
given at the end of each solution discussion.
Who is this guide for?
It was developed for practitioners, including engineers 
and managers who face decisions regarding what mate-
rials to specify in the pavement systems they design or 
manage. The audience also includes city and county 
engineers, along with the A/E firms that often represent 
them, and state DOT engineers at all levels who are 


































   
   




This symbol represents applications of highly traf-
ficked roadways that experience high volumes of 
heavy truck traffic such as major highways and 
interstates.
This symbol represents applications for city streets 
and local roads that experience moderate levels of 
passenger vehicle traffic and maybe some heavy truck 
traffic.
This symbol represents roadway shoulder 
applications.
This symbol represents applications including com-
mercial parking lots, driveways, and residential 
roadways.
This symbol represents applications for general-pur-
pose aviation and/or commercial or military airfield 
facilities.
This symbol represents applications for facilities that 
experience high volumes of heavy truck traffic and/or 
storage facilities, such as shipping yards, where heavy 






Highways Commercial / Lightweight
Airfields
Heavy Industrial






























s                          
xiii
ASTM                                                                                 
ASTM International, originally known as the Ameri-
can Society for Testing and Materials, is an interna-
tional standards setting organization.
Base                                                                             
The pavement layer constructed immediately beneath 
a hot-mix asphalt (HMA) surface and sometimes 
beneath a concrete surface. Material requirements for 
this layer are more stringent than those for most sub-
base and subgrade layers.
Concrete                                                                                  
An initially plastic (slumpable) mixture created by the 
combination of cement, coarse and fine aggregates, 
water, and various chemical admixtures that hardens 
to a solid material over time.
Concrete pavement                                                        
A pavement system in which the surface layer is 
concrete. Typical concrete pavement systems include a 
concrete surface over a subbase and subgrade layers.
Fine aggregate                                                                    
Defined by ASTM C33 as sand with 95–100 percent 
of the total material passing a No. 4 (4.75 mm) sieve.
Fines                                                                                  
Portion of the soil finer than a No. 200 (75 µm) sieve.
Flexible pavement                                                                                 
A pavement system in which the surface layer is hot-
mix asphalt (HMA). Typical flexible pavement systems 
include an HMA surface over a base, subbase, and 
subgrade layers.
Pavement system                                                                 
The combination of surface, base/subbase, and 
improved subgrade layers constructed for the purpose 
of supporting traffic.
Portland cement                                                                
A commercial product that, when combined with 
water, forms a paste that over time becomes a hard-
ened solid. It is typically combined with fine aggre-
gates to form mortar or a combination of fine and 
coarse aggregates to form concrete.
Subbase                                                                            
The pavement layer constructed between the base and 
subgrade in a flexible pavement system, or the layer 


































   
   




Within an integrated pavement solutions system, 
numerous alternative paving materials and techniques 
are available. While their common link is the use of 
portland cement, there remain notable differences that 
must be recognized. To assist in the selection of the 
most appropriate solutions for a given project, Table 1 
should be referenced.
Within this table, the various solutions are shown 
in the left column, along with a brief description of 
each. To assist in the selection of the most appropriate 
solutions, the challenges that a user might be facing 
are in the adjacent columns. This cross-referencing is 
intended to help narrow the selection of the available 
solutions. Complementing the table are both the ben-
efits and typical applications. These too are intended 
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Table 1. Table of solutions




New concrete pavements include both 
jointed and continuously reinforced concrete 
pavements. Thicknesses can range from 6 to 
15 inches, depending on traffic, environment, 
and soils.
•	 Provide long life and reduced 
maintenance.
•	 Improve the surface.
•	 Provide high load-carrying 
capacity.
•	 Expedite construction/renewal.
•	 Reduce urban heat island effect.
•	 Increase light reflectance.
•	 Provide a sustainable option.
•	 Concrete pavements 
can withstand many 
environments.
•	 Concrete pavements typically 
last much longer than their 
original design life.
•	 Concrete pavement surfaces 
reflect light and reduce the 
urban heat island effect.
•	 Vehicle fuel consumption for 
the driving public is reduced 
on concrete surfaces.
•	 Highways








Overlays are a method of rehabilitating and/
or increasing the structural capacity of 
existing pavements. Bonded overlays are 
thin (2- to 6-in.) layers of concrete bonded 
directly to a sound underlying pavement 
in order to increase structural capacity. 
Unbonded overlays are used principally when 
the underlying pavement is in fair to poor 
condition and are thick (4 to 11 in.) enough 
to support the traffic loads but recognizing 
the structural capacity of the underlying 
pavement.
•	 Extend pavement life.
•	 Improve the surface.
•	 Increase load-carrying capacity.
•	 Expedite construction/renewal.
•	 Reduce urban heat island effect.
•	 Increase light reflectance.
•	 Provide a sustainable option.
•	 Reconstruction costs are 
avoided.
•	 Construction of an overlay 
is much faster than 
reconstruction.
•	 Concrete pavement surfaces 
reflect light and reduce the 
urban heat island effect.
•	 Highways








Pervious concrete is a paving material 
consisting of almost exclusively coarse 
aggregate, but with sufficient cement paste 
to bind the mixture into a strong but open 
(porous) material with exceptional drainage 
properties.
•	 Satisfy EPA Storm Water Phase II 
regulations.
•	 Earn LEED credits.
•	 Improve safety.
•	 Reduce tire-pavement noise.
•	 Provide a sustainable option.
•	 Pervious concrete is an EPA 
Best Management Practice.
•	 Stormwater runoff and flash 
flooding is minimized.
•	 Hydroplaning and splash and 
spray are minimized.
•	 Noise from the tire-pavement 
interaction is reduced.
•	 Pervious concrete surfaces 
reflect light and help reduce 
the urban heat island effect.






Precast pavements are a technique for 
constructing or repairing a concrete pavement 
surface where casting and curing of panels 
are done in advance. Precast pavements are 
a highly durable finished pavement and not 
just a temporary fix. They are a repair option 
for jointed concrete pavements (JCP) or 
reconstruction option for both JCP and HMA 
pavements. Rapid placement of the hardened 
panels can then be conducted within short 
traffic closure windows.
•	 Provide long life.
•	 Improve the surface.
•	 Provide high load-carrying 
capacity.
•	 Expedite construction/renewal.
•	 Provide a sustainable option.
•	 Construction can be 
completed during short 
(overnight or weekend) 
closures.
•	 Lane closures and 
associated user delays 
during construction are 
minimized.
•	 Precast pavements are 
a highly durable finished 
pavement and not just a 
temporary fix.
•	 Precast pavement surfaces 
reflect light and help reduce 
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Table 1. Table of solutions (Continued)




Roller-compacted concrete (RCC) is a stiff 
and strong concrete mixture that is typically 
placed with asphalt pavers as either a 
surface or a support layer. Roller-compacted 
concrete surfaces can be used for low-speed 
or industrial applications. Roller-compacted 
concrete layers can also serve as a 
support layer to a thin (1.5- to 2-in.) HMA (or 
occasionally concrete) surface.
•	 Provide low-cost option.
•	 Provide high load-carrying 
capacity. 
•	 Expedite construction.
•	 Allow early opening to traffic.
•	 Provide a sustainable option.
•	 Roller-compacted concrete 
provides a strong, dense, and 
durable material that can be 
quickly constructed.
•	 Construction is fast with no 
forms or finishing.
•	 No steel reinforcement and 
minimum labor make RCC 
economical.
•	 For many applications, 
joint sawing is optional for 
aesthetic purposes resulting 
in additional cost savings.
•	 Roller-compacted concrete 
pavement surfaces reflect 
light and help reduce the 
urban heat island effect.
•	 Highways








Cement-treated base (CTB) is a mixture of 
aggregate material and/or granular soils 
combined with engineered amounts of 
portland cement and water that hardens after 
compaction and curing to form a stronger, 
stiffer, and more durable paving material. 
Cement-treated base is used as a pavement 
base for flexible pavements or a subbase for 
concrete pavements.
•	 Provide a strong, uniform base/
subbase for current and future 
loading conditions using in-place 
or locally available marginal soils 
and granular material.
•	 Reduce stresses on the subgrade.
•	 Stabilize a variety of soils with a 
single stabilizer. 
•	 Reduce rutting and deflections in a 
flexible pavement surface.
•	 Improve the structural capacity of 
the existing soil.
•	 Provide a sustainable option.
•	 A stiffer base reduces 
deflections due to traffic 
loads, thereby extending 
pavement life.
•	 Subgrade failures, pumping, 
rutting, joint faulting, and 
road roughness are reduced.
•	 Base thickness is reduced 
compared to unbound 
granular base thicknesses.
•	 Marginal aggregates, 
including recycled materials, 
can be used, thus reducing 
the need for virgin, high-
quality aggregates.
•	 Highways








Full-depth reclamation (FDR) is a technique in 
which hot-mixed asphalt (HMA) material from 
the existing pavement is removed, combined 
with portland cement, and used to create a 
new and improved base. The FDR base is then 
topped with a new HMA or concrete surface 
layer.
•	 Provide a strong, uniform base/
subbase for current and future 
loading conditions using existing 
failed asphalt surface and base 
material.
•	 Maintain existing grade with 
minimum material removal or 
addition.
•	 Reduce or totally eliminate the 
need for virgin aggregates.
•	 Reduce stresses on the subgrade.
•	 Reduce rutting and deflections in a 
flexible pavement surface.
•	 Improve the structural capacity of 
stabilized base over unstabilized 
base material.
•	 Provide pavement reconstruction 
method that is fast and minimizes 
traffic disruption.
•	 Provide a sustainable option.
•	 The performance of the base 
layer is improved over an 
unbound granular base.
•	 Little, if any, material is 
hauled off or onto the site, 
resulting in less truck traffic, 
lower emissions, and less 
damage to local roads. Work 
can be completed quickly 
compared to removal and 
replacement techniques.
•	 Full-depth reclamation 
process is economical 
compared to removal and 
replacement and thick 
overlays.
•	 Highways
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Cement-modified soils (CMS) are soils and/
or manufactured aggregates mixed with a 
small proportion of portland cement. Cement-
modified soils exhibit reduced plasticity, 
minimized volumetric changes due to moisture 
changes, increased bearing strength, and 
improved stability.
•	 Reduce the plasticity and high-
volume change characteristics 
of clay soils due to moisture 
variations.
•	 Improve stability of a poorly graded 
sandy soil. Improve the properties 
of a sandy soil containing a high-
plasticity clay. 
•	 Provide a method to dry out a wet 
subgrade. 
•	 Provide a firm construction 
platform to work on.
•	 Provide a sustainable option.
•	 Cement-modified soils 
provide a weather-
resistant work platform for 
construction operations.
•	 Fatigue failures caused by 
repeated high deflections are 
controlled.
•	 There is a reduction in 
moisture sensitivity and 
subgrade seasonal load 
restrictions.
•	 No mellowing period is 
needed as required by other 
stabilizing agents.
•	 Highways







Recycled Concrete Aggregates 
Recycled concrete aggregates (RCA) are 
aggregates produced from the recycling 
of existing concrete. Existing concrete 
is removed, processed into appropriate 
aggregate sizes, and reused in various 
pavement applications.
•	 Recycle excavated concrete 
pavement.
•	 Minimize construction cost.
•	 Reduce dependence on good 
quality virgin aggregates, which 
may be hard to find or expensive to 
bring in.
•	 Provide a sustainable option.
•	 Recycled concrete 
aggregates are versatile 
because they can be used in 
any pavement layer.
•	 Material costs are reduced.
•	 Construction time can be 
expedited with on-site 
recycling plants.
•	 Pavement suffering from 
ASR or D-cracking can 
be recycled instead of 
discarded.
•	 The need for old concrete 
disposal is reduced.
•	 Highways








Repair and restoration is a series of 
techniques including diamond grinding, dowel 
bar retrofit, full and partial depth repairs, 
joint sealing, patching, and slab stabilization 
that extend the life of a concrete pavement. 
These techniques can often be used in lieu of 
resurfacing or reconstructing.
•	 Extend life.
•	 Improve the surface.
•	 Expedite construction/renewal.
•	 Repair and restoration 
fixes distressed concrete 
pavement (Comment—areas 
may not be isolated, i.e., 
diamond grinding an entire 
roadway).
•	 These are options for low-




•	 Streets and Local 
Roads

































   
   





















































































Concret  rface 
Subbase
Figure 1-1. Schematic of typical concrete 
pavement cross-section

































   
   































































Figure 1-2. Schematic of the various types of new 




























































































Paste (cement + water)
Mortar (paste + fine aggregate)

































   
   




























































Materials and Construction Practices for Concrete Pave-
ment (IMCP) Manual,	and	the	Portland	Cement	Asso-



















mittee	330	report	Guide for the Design and Construction 
of Concrete Parking Lots, the Continuously Reinforced 






























































































































































   
   








































Figure 1-5. Concrete placed over dowel baskets
Figure 1-6. Dowel-bar inserter
Figure 1-7. JRCP reinforcement in place before 
paving































































Figure 1-9. Burlap drag on fresh concrete
Figure 1-10. Curing compound applied by spray 
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TPF-5(139).
Rasmussen,	Rogers,	and	Ferragut.	2009.	Continuously 
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Materials and Construction Practices for Concrete Pave-



























































































































   
   









































4,000	psi	(28	MPa)	for	their	pavements.	On	the	other	Figure 2-1. Unbonded overlay
Figure 2-2. Overlay applications
Bonded Overlay Systems Unbonded Overlay Systems
Bonded Concrete Overlays of Concrete Pavements
–previously called bonded overlays–
Bonded Concrete Overlays of Asphalt Pavements
–previously called ultra-thin whitetopping–
Bonded Concrete Overlays of Composite Pavements
Unbonded Concrete Overlays of Concrete Pavements
–previously called unbonded overlays–
Unbonded Concrete Overlays of  Asphalt Pavements
–previously called conventional whitetopping–
Unbonded Concrete Overlays of Composite Pavements
In general, bonded overlays are used to add structural capacity 
and/or eliminate surface distress when the existing pavement  
is in good structural condition.
Bonding is essential, so thorough surface preparation is  
necessary before resurfacing. 
In general, unbonded overlays are used to rehabilitate 
pavement with some structural deterioration.
They are basically new pavements constructed on an  
existing, stable platform (the existing pavement).











































































































Table 2-1. Current state-of-the-practice overlay 
design methodologies
 
State-of-the-Practice Concrete Overlay  
Design Methods
Bonded concrete overlay of concrete pavements
•	 1993 AASHTO Guide
•	 M-E PDG
Bonded concrete overlay of HMA and composite 
pavements
•	 1993 AASHTO Guide
•	 M-E PDG
•	 Modified ACPA method
Unbonded concrete overlay of all types


































   
   






































Table 2-2. Joint pattern for bonded concrete 
overlays
Joint Pattern for Bonded Overlays
Bonded Overlay of JPCP Match joints with existing pavement joints.
Bonded Overlay of CRCP
Match longitudinal joints 
with existing pavement 
joints.
Bonded Overlay of HMA 
and Composites
Use small square patterns 
in the range of 3 to 8 ft. (0.9 
to 2.4 m).
Maximum dimensions of 
the square panels should 
be no greater than 1.5 times 
the thickness of the overlay.






























































































Unbonded Overlays of Concrete Pavements
Design Thickness Joint Pattern
<5 in. (125 mm) Use square panels measuring 6 x 6 ft (1.8 x 1.8 m) panels
5 – 7 in.  
(125 – 175 mm)
Maximum joint spacing in feet =  
2 times thickness in inches
> 7 in. (175 mm) Maximum joint spacing =15 ft. (4.6 m)
Table 2-3. Joint pattern for unbonded concrete 
overlays of concrete pavements
Unbonded Overlays of Concrete Pavements
Design Thickness Joint Pattern   
<6 in. (150 mm) Maximum joint spacing in feet =  1.5 times thickness in inches
6 – 15 in.  
(150 – 380 mm)
Maximum joint spacing in feet =  
2 times thickness in inches
> 15 in. (380 mm) Maximum joint spacing =15 ft. (4.6 m)
Table 2-4. Joint pattern for unbonded concrete 































Figure 2-4. Unbonded concrete overlay 

































   
   




























































































































Overlays for Pavement Rehabilitation.	Report	No.	ACI	
325.13R-06.
Harrington,	D.,	et	al.	2008.	Guide to Concrete  

































































 Commercial / Lightweight












Figure 3-1. Miller Park in Fair Oaks, California
Figure 3-2. Imperial Beach Sports Park, California

































   
   







































Figure 3-4. Pervious concrete












































































Figure 3-6. Fresh pervious concrete
Table 3-1. Typical values for material properties
Property      Typical Values
Unit Weight 70-80% of conventional concrete mixtures
Density
100-125 lb/ft3 (1600-2000 kg/m3) – 
this is dependent on mix design 
and construction procedures
Percent Voids 15-25%
Permeability 100 in./hr – over 2000 in/hr  (2.5-50 m/hr)
Compressive 
Strength
2500 psi (17 MPa) but this can 
range from 500 – 4000 psi  












































   
   


















































































































Figure 3-9. Schematic of pervious partial exfiltration 
pavement design



























































































   
   




























































































































































Figure 4-1. Precast pavement system cross-section

































   
   





























Figure 4-2. Nighttime placement of precast panels 
in Virginia




































































































































































































   
   












Figure 4-4. Concrete poured into form for precast 
panel
Figure 4-5. Vibrators for consolidation of concrete 

















Figure 4-6. Placement of precast panel for precast 
JCP system



































































Buch,	N.	2007.	Precast Concrete Panel Systems for 




Prestressed Concrete Pavement for Reconstruction and 




A.	K.	Schindler.	2000.	The Feasibility of Using Precast 




2002.	Construction and Preliminary Monitoring of the 
















































































































Streets & Local Roads
Shoulders

































   
   















































Figure 5-1. Typical RCC versus PCC surface
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Figure 5-6. RCC material looks drier than 























































   
   























































Figure 5-7. Flexural beam testing



















U.S. Army Corps of 
Engineers (USACE) 
StreetPave (ACPA) 
Guide for Design of 
Jointed Concrete 
Pavements for Streets 
and Local Roads (ACI 
325.12R-02)

Guide for the Design 

















































































Figure 5-9. RCC delivered to jobsite
Figure 5-11 Ready-mix transit trucks dumping into 
haul trucks






































   
   




















































Figure 5-13. RCC placement














































Report on Roller-Compacted Concrete Pavements. Report	
No.	ACI	325.10R-99,	Farmington	Hills,	Michigan.
Gauthier,	P.	and	J.	Marchand.	2005.	Design and 









































































































































   
   
























































Figure 6-1. Load distribution of CTB compared to 
unstabilized granular base

































































































































Table 6-1. Typical CTB properties
Property 7-Day Value
Compressive Strength
300 – 800 psi 
(2.1 – 5.5 MPa)
Modulus of Rupture 
(Flexural Strength)
100 – 200 psi 
(0.7 – 1.4 MPa)
Modulus of Elasticity
600,000 – 1,000.000 psi 


































   
   










































Figure 6-4. Spreading dry cement on grade prior to 
mixing
Figure 6-5. Applying cement slurry on grade prior to 
mixing (cement slurry is applied the same way for 
FDR and CMS applications)
Figure 6-6. Constructing CTB using mixed-in-place 
method

























































of State Highway and Transportation Officials Design 
Guide.	
American	Concrete	Institute.	2009.	State-of-the-Art 
Report on Soil Cement	Report	No.	ACI-230.1R,	Farm-
ington,	Hills,	Michigan:	American	Concrete	Institute.
American	Concrete	Pavement	Association.	2007.	Sub-
grades and Subbases for Concrete Pavements.	EB204P.
George,	K.	P.	2002.	Minimizing Cracking in Cement-
Treated Materials for Improved Performance	RD123.01.	
Skokie,	Illinois:	Portland	Cement	Association.
Guthrie,	W.	S.,	S.	Sebesta,	and	T.	Scullion.	2002.	
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Figure 7-1. Schematic of the mixing chamber of a 
reclaimer machine
Figure 7-2 Reclaimer pulverizing existing asphalt 



































Figure 7-6. Equipment for compaction and finishing
Figure 7-3. Dry cement placed on pulverized 
material
Figure 7-4. Applying cement slurry on grade prior to 
mixing (cement slurry is applied the same way for 
CTB applications)

























































   
   









































Solutions—Full-Depth Reclamation with Cement.	http://
www.integratedpavingsolutions.org/FDR.html.
Syed,	I.	M.	2007.	Full-Depth Reclamation with Portland 




















































































































   
   
















































































Figure 8-2. Cement slurry added to subgrade 
material (cement slurry is applied the same way 













































































Performance of Portland Cement and Lime Stabilization 
of Moderate to High Plasticity Clay Soils.	RD125.	Skokie,	
Illinois:	Portland	Cement	Association.
Halsted,	G.	E.,	W.	S.	Adaska,	and	W.	T.	McConnell.	






Evaluating the Performance of Soil-Cement and Cement-
Modified Soil for Pavements: A Laboratory Investigation.	
RD120.	Skokie,	Illinois:	Portland	Cement	Association.
Figure 8-3. Pulvermizer used for in-place mixing of 
CMS




























































































































   
   































































































































































Figure 9-2. Example of equipment used to break 
existing concrete
Figure 9-3. Broken concrete pavement is removed 
for recycling
Figure 9-4. Existing concrete recycled in-place and 


































   
   

























































cled Concrete Aggregates Can Be Used in Any Application 
























































































Figure10-1. Full-depth repair of a concrete 
pavement slab

































   
   


















































Figure10-2. Partial-depth repair process at joint



















































































































































   
   














































Figure 10-5. Application of joint sealant
Figure 10-6. Contiguous concrete slabs prepared 
for dowel bar retrofitting



































































Integrated Materials and Construction Practices for Con-






Figure 10-8. Longitudinal grooving of a concrete 
pavement to restore macrotexture
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